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I INTRODUCTION 
Ever since man gave up the nomadic life and settled in one 
place to cultivate crops in a permanent agriculture he has been 
faced with the problem of eliminating those undesirable plant 
species which compete vigorously with the desirable crops for 
water and nutrients. Aside from the necessity of the 
preparation of a suitable seedbed for the initial establishment 
of his crops probably the farmer*s greatest effort throughout 
the growing season is that of reducing weed competition. This 
has involved extensive use of cultivating machinery and much 
hand labour, which, in many instances, is the most costly part 
of the farming operation. 
Prior to World War II some limited efforts were made to 
control weed competition by chemical methods, but it was not 
until the war, when higher crop production was called for, and 
at a time of scarcity of farm labour, that this approach to 
weed control received extensive attention. 
II BACKGROUND OF THESE STUDIES 
Chemical herbicides were popularized during World War II 
and since that time, a continuing search has been in progress 
for chemicals which are more effective, selective in their 
action, easier to apply, and safer to use. 
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One such herbicide •which approaches these requirements is 
Chlorophenyl-N-3 Isopropyl Carbamate, hereafter referred to as 
CIPC. This chemical has been widely used as a pre-emergence 
herbicide on onions* Among the weed species that CIPC controls 
are purslane (Portulaca olerocea), chickweed (Stellaria media), 
and to some extent redroot pigweed (Amaranthus retroflexus). 
It is also effective against some of the annual grasses. Since 
CIPC effects its control by destroying the germinating seed, it 
is of little value on established perennial weeds (23). 
In 1954 several Connecticut Valley onion growers reported 
some severe damage to their onion crops. They attributed this 
damage to the use of CIPC at reported rates of four to six pounds 
per acre. Other growers in this area working under apparently 
similar conditions reported no damage subsequent to CIPC 
applications. At the same time Lachman (9) failed to get similar 
damage on test plots at the Massachusetts Agricultural Experi¬ 
ment Station Farm where CIPC was used in amounts up to four times 
the recommended rate. 
Ill OBJECTIVES OF THESE STUDIES 
It was considered possible that an interplay of a combination 
of environmental factors might be responsible for these conflicting 
results. Assuming this possibility, then conflicting results 
could be explained since some environmental conditions are 
extremely variable in different locations. Further, if this damage 
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had a threshold, then conflicting reports would be expected 
because of the nature of threshold phenomena. 
Among the environmental factors which would vary with 
location are soil type, soil pH, soil organic matter, soil 
temperature, and soil moisture. 
Studies were outlined to observe the interrelations of 
rates of CIPC application with the more obvious factors affecting 
onion growth. The objectives were: 1- To observe the effects 
of different rates of CIPC application on onion growth under the 
varying environmental factors of soil moisture, soil organic 
matter, and soil temperature; 2- To determine the minimum rate 
of application at which CIPC becomes toxic to onion plants as 
determined by chlorosis, stunting, or reduced yields. 
IV REVIEW OF LITERATURE 
The literature on this subject may be classified under four 
headings. 
1- Fate of CIPC in the Soil 
Linder (10) 1952, reported on the movement and persistance 
of CIPC in soils. He applied CIPC as a suspension, an emulsion 
and as a solution. Bio-assay determinations showed that CIPC 
tended to remain on the soil surface. The bio-assays also 
demonstrated that after a period of approximately one month 
CIPC was markedly reduced in strength. 
-4- 
Linder, Shaw and Martin (11) 1954, observed that the relative 
vapor activity of CIPC was the highest of the several carbamates 
tested. From field trials it was shown that the rate of break¬ 
down in the soil was proportional to the rate of vapor activity. 
Stevens and Carlson (18) 1952, reported that CIPC was in¬ 
activated more rapidly in acid soils than alkaline soils. They 
also observed that CIPC disappeared faster from heavy soils than 
from light ones and that leaching was not the responsible agent. 
CIPC also maintained its strength for longer periods of time at 
lower temperatures than at higher temperatures. 
2- Effects of CIPC on Various Crops 
Stevens and Carlson (18) also reported that alfalfa, red 
clover, ladino clover, soybeans and sorghum showed damage and 
stunting of growth at the low rate of application of two pounds 
per acre. Although this rate killed rye, oats, and wheat, com 
was not affected by CIPC. 
Carlson (1) using CIPC on strawberries, controlled common 
chickweed and field sorrel without damage to the berry plants; 
he reported no reduction in either the size of the individual 
berries or of their yields. 
Loeffler (12) worked with CIPC on beans and found that an 
increase in the rate of application caused a significant decrease 
in yields. He further noted that the time of application had an 
effect on yields. He speculated that this effect was caused by 
the increasing volatility and toxicity of CIPC corresponding to 
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increasing temperatures from early morning to afternoon, 
Guzman (5) controlled weeds in transplanted celery without 
damage to the crop at eight pounds of liquid CIPC and ten pounds 
of pelleted CIPC per acre, 
Witzman (23) 1956, reported that most of the weeds that 
CIPC controls are killed as germinating seeds. Specific 
exceptions are chickweed, purslane, and Pennsylvania Smartweed 
which are destroyed in the seedling stage. Witzman designates 
the cruciferae, cucurbitacae, and small grains as CIPC susceptible. 
3- Effect of CIPC on Onions 
There is complete agreement in the literature that CIPC 
will not reduce onion yields. Guzman and Wolfe (4) however, 
found visible but temporary damage to onion tops at rates of 
16 and 20 pounds of CIPC per acre on Florida mucks. Perkins 
(14, 15, 16) reported that CIPC was the only chemical tested 
on onions that caused neither reduction in yields nor visible 
damage to the foliage on muck soils in New York. Warren (20) 
observed no damage at rates of CIPC up to 12 pounds per acre 
over a five year period. Wolfe and Guzman (24) also reported 
no damage at any rate up to a maximum, of 12 pounds per acre. 
4- Effects of Environment on the Growth of Onions 
Thompson (19) 1927, studied the effects of environment on 
onion growth. He reported on the competitive effects of weeds 
and the results of cultivation on.their control. He demonstrated 
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that yields were greatly increased by elimination of weed 
competition. Although he considered cultivation to be helpful, 
he thought that other benefits derived from it were offset by 
the damage caused by root pruning, 
Wilson (22) 1932, studied the effects of the hydrogen-ion 
concentration on growth. His results showed that the best range 
for onion growth lies between pH 6.0 and 7.0. Onion roots were 
killed below pH 4.5 and above 7*5. 
Jones (6) 1944* reported on the interrelation of weather 
and onion blast. He observed that extensive damage occurred 
only if clear dry weather followed a prolonged cloudy rainy 
period. 
Nettles, et. al. (13) studied the effect of irrigation as 
applied to onions. They reported that the success of irrigation 
was dependent on the natural precipitation and timing of water 
applications. They demonstrated that one-half inch of water, 
as either natural rain or irrigation every six days wras 
sufficient for satisfactory growth when water was the limiting 
factor. 
Drinkwater and Janes (2) observed the effects of irrigation 
and soil moisture on maturity, yield, and storage of onions. 
They noted that the highest total yields were attained when 
irrigation was used but an increase in defects occurred which 
resulted in no significant differences in the yield of U. S. 
No. 1 bulbs. They reported the order of maturity to be: 1- no 
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irrigation; 2- one inch every 10-12 consecutive rainless days; 
3- .25 inch every four to five rainless days; and 4- .5 inch 
every four to five rainless days. Increased water supply to 
the growing crop also retarded weight losses in storage. 
This review of literature reveals that several environmental 
factors have been studied independently, that the action of CIPC 
in the soil has been considered, that CIPC is a selective 
herbicide to both crops and weeds and that under "normal" con¬ 
ditions CIPC effectively controls certain weeds in onion fields 
without damage to the onion crop when used at rates which are 
adequate for the control of susceptible weeds. 
V MATERIALS AND METHODS 
Series A 1957 Greenhouse Studies 
This series of experiments was carried out in the green¬ 
houses of the Department of Horticulture. Throughout these 
studies number 10 cans were used as plant growing containers; 
a plot consisted of seven sets of the Golden Globe variety of 
onion planted in each can. The soil used was a Hadley very fine 
sandy loam which had been obtained from a field in Hatfield, 
Massachusetts where damage had occurred following CIPC application 
in the spring of 1954* CIPC at rates of 0, 8, 16, and 32 pounds 
per acre in 100 gallons of water was applied as a pre-emergence 
spray. 
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The soil moisture in Experiment I (temperature level studies) 
and Experiment III (organic matter studies) was maintained 
between 75$ and 90$ of field capacity. In Experiments II (soil 
moisture levels) and III the soil temperature was maintained at 
60° F, The plots were replicated five times in Experiments II 
and III and four times in Experiment I. 
Experiment I—Soil Temperature vs, CIPC Rates of Application 
The temperature levels used were 40°, 50°, and 60° F, 
These temperatures were maintained by means of thermostatically 
controlled water baths. The onion sets were planted on January 
28, 1957 and the soil surface was sprayed with CIPC on the 
following day. Immediately after spraying, the cans were placed 
in the baths and were allowed to remain there, except when 
weighed and watered, until the tops were harvested on March 26, 
a period of eight weeks. 
Experiment II—Soil Moisture Levels vs. CIPC Rates of Application 
The minimum moisture levels used were 75%, 50$, and 25$ 
of the field capacity of the soil. When the soil in more than 
one-half of the cans in a group dried to the pre-determined 
minimum for that series, sufficient water was added to all the 
cans of that group to bring the soil moisture level to 90$ of 
the field capacity. CIPC sprays were applied on February 8, 
. the day following the planting. The onions were allowed to 
grow until April 8 when records were taken on the green weight 
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of the top growth. 
Experiment III—Soil Organic Hatter Levels vs. GIPG Rates of 
Application 
Three organic matter levels were used. These levels were 
obtained by adding peat to the basic Hadley soil. It was added 
in ratios of 1:3 and 1:1 which modified the soils to organic 
matter contents of and 8.1% respectively. The third 
organic matter level was that of the original soil which was 
2.0 per cent. 
Experiment IV—Bio-assay Determinations 
Linder (10) and Stevens and Carlson (18) studied the rate 
of CIPC breakdown in soils, but they did not report the 
environmental conditions which were in effect. In order to 
determine the residual effects of CIPC under the three environ¬ 
mental conditions of Experiments I, II, and III a series of 
bio-assays was employed. 
The bio-assay studies were made in three inch paper bands. 
Following the work of Witzman (23) oats were found to be 
sensitive to CIPC and were used as the indicator crop. 
Samples were taken, and pooled, from the top inch of soil 
in cans which had received the same environmental treatments 
and rates of CIPC. These pooled samples were then diluted with 
the original untreated Hadley soil. The dilution factors used 
were sufficient to reduce the CIPC level to two pounds per acre 
-10- 
pro vided all the original CIPC was still present. 
Each sample was then divided into four parts and each lot 
was placed in a separate band. Fifteen oat seeds were planted 
in each plot; after germination the seedlings were thinned to 
a stand of 10 plants. 
At the same time "standards11 were made using previously 
untreated soil. The original rates of CIPC were sprayed on this 
soil which was then diluted in the manner previously described. 
The oats were planted and thinned as noted previously. 
The oat plants were allowed to grow for a period of six 
weeks after which they were cut at the soil surface; the green 
tops were weighed immediately and the weights recorded to the 
nearest gram. 
Series B 1957 Field Experiments 
✓ 
Field experiments were conducted during the summer of 1957. 
These tests were made in two locations: the Joseph Kabot farm 
in Hatfield, leassachusetts, on a Hadley very fine sandy loam, 
and the University farm in Amherst, iiassachusetts, on a Scar¬ 
borough very fine sandy loam. 
Experiment V—Pre-emergence Trials—Kabot Farm 
The plots on the Kabot farm in Hatfield were treated with 
0, 4, 8, 16, 32, and 64 pounds of CIPC per acre replicated three 
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times. Ebenezer variety onion sets were used in plots twelve 
rows wide and six feet long. After CIPG was applied, on April 4> 
the plants were given normal cultivation until maturity. 
Experiment VI—Post-emergence Trials—Kabot Farm 
Post-emergence application rates were 0, k, 6, 8, 12, and 
24 pounds of CIPC per acre and the treatments were replicated 
three times. The sprays were directed at the base of the plants 
and covered only about four inches on each side of the row. A 
previous application of four pounds of CIPG per acre had been 
applied as a pre-emergence spray by Mr* Kabot. Spray applications 
were made on May 28 to plots four rows wide and 25 feet long. 
Following this treatment the onion plants were grown to maturity 
using normal cultural practices. 
Experiment VII—Bio-assay Determinations on Soil from Kabot Farms 
Pre-emergence Trials 
Bio-assay determinations were made twice during the growing 
season on soil taken from the pre-emergence plots of Experiment 
V; the first on April 30 and the second four weeks later on 
May 27. 
Soil samples for the bio-assay of April 30 were taken from 
plots which had received the same rates of CIPC; these samples 
were mixed and diluted to the two pound per acre rate. The 
diluted soil was divided into three lots; each lot was placed 
in a three inch paper band and 15 oat seeds planted in each plot. 
-12- 
The seedlings were thinned to 10 plants and were allowed to 
grow for six weeks, when the tops were harvested and weighed. 
In the second bio-assay test, the samples from each plot 
were diluted separately. Three replications were made from 
each dilution. Fifteen oat seeds were planted in each lot and 
thinned to 10 plants after germination. After six weeks the 
tops were harvested and weighed. 
A separate standard was made for each bio-assay. The soil 
for these standards had been obtained from the same field in the 
fall of 1956 and they were prepared according to the directions 
as previously explained in Experiment IV. 
Experiment VIII—Pre-emergence Trials on the University Farm 
Pre-emergence applications on plots of the Scarborough 
very fine sandy loam in Amherst were 0, k, o, 8, 12, 16, 32, 
and 64 pounds of CIPC per acre and the tests were replicated 
four times. The treatments were applied on iiay 5* the day 
after planting with Golden Globe onion sets in plots three 
rows wide and 15 feet long. After spraying, the plots were 
not cultivated until weed counts were made six weeks later. 
From then on the plots were Kept cultivated until harvest time. 
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Series G 1958 Greenhouse j&cperiments 
Ehcperiment IX—Temperatures vs. CIPC Rates of Application 
Temperatures of 50°, 60°, and 70° F. were provided in this 
second set of greenhouse experiments because previous work 
indicated that growth was unsatisfactory at temperatures below 
50° F. 
In previous greenhouse tests little or no damage had been 
observed at rates of CIPC application up to 32 pounds per acre. 
One of the objectives of this study was to find the minimum 
toxic level of CIPC, and since that level was apparently greater 
than 32 pounds per acre, the lowest level used in previous 
greenhouse experiments, eight pounds per acre, was eliminated 
and two higher rates were added. Five CIPC rates were used in 
these experiments: 0, 16, 32, 64, and 128 pounds, per acre. 
These treatments were replicated three times in completely 
randomized design. The cans were rearranged weekly for eight 
weeks according to a prearranged randomization plan. 
A Hadley very fine sandy loam was used for growing the 
crop. Seven Golden Globe onion sets were planted on November 
24, 1957; they were watered and sprayed with CIPC on the follow¬ 
ing day. After spraying, they were placed in the temperature 
control tanks until the tops were harvested and weighed on 
January 27, 1958. 
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Experiment X—Soil Types, Soil Moisture Levels, and CIPC Rates 
of Application 
During the course of these investigations it was felt that 
possibly the interaction of two or more factors might induce 
damage to onions from the use of CIPC. To test this hypothesis 
an experiment was designed that was a 3-5-5 factorial test 
involving three water levels, five CIPC rates of application, 
and five soil types with a total of 75 treatments. Each treat¬ 
ment was replicated three times in randomized block designs. 
In this test a different approach to the water supply was 
used. A study of the 50 year weather summary showed that the 
average weekly rainfall was .84 inch during April and May. (3) 
Using this amount as “normal” or medium, three rates of water 
supply for the experiment logically followed: low (.42 inch per 
week); medium (.84 inch per week); and high (1.68 inches per 
week). The low moisture level plots received^water every 
Monday; medium moisture level plots were watered on Mondays 
and Thursdays; and the high moisture level plots were watered 
every Monday, Wednesday, Thursday, and Friday. Forty-two one- 
hundreths inch of water was added at each watering. Water in 
excess of the field capacity of the soil drained through the 
bottom of the containers. 
The five rates of CIPC used were 0, 16, 32, 64* and 128 
pounds per acre applied in 100 gallons of water. 
Three of the five soils were obtained by modifying the 
first soil which was a Hadley very fine sandy loam with an 
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organic matter content of 1.0$ and a pH of 5*1. The second 
soil vras obtained by adding 4.0$ peat (by weight) to the basic 
first soil. The third soil type was obtained by adding Ca(CH)2 
to the basic soil in amounts sufficient to satisfy the lime 
requirement. A fourth soil was the basic soil plus 4*0$ peat 
and enough Ca(0H)p to satisfy the lime requirement. Soil 
number five was a Scarborough very fine sandy loam with a pH 
of 6.5 and an organic matter content of 5*1$* 
Seven Golden Globe onion sets with average diameters of 
one-half to three-quarters inch were planted in each can on 
December 12, 1957* CIPC was applied to the soil surface the 
next day and the plots were arranged on the greenhouse bench 
according to the predesigned plan. After eight weeks, on 
February 7, 1958, the tops were harvested and the results 
recorded. 
Experiment XI—Bio-assay Determinations 
The two bio-assays of this experiment were set up differ¬ 
ently than in previous tests according to the following 
procedure. The top inch of soil was removed from each treatment 
and placed in separate three inch clay pots instead of paper 
bands. The soil was not diluted in any fashion. 
The pots from the previous experiments (IX and X) were 
separated and arranged on the greenhouse bench in randomized 
block designs. 
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As in previous bio-assay determinations 15 oat seeds were 
planted in each plot and the seedlings were thinned to 10 plants. 
The growing period was also six weeks. 
VI EXPERIMENTAL RESULTS 
Series A 1957 Greenhouse Experiments 
Essentially the same procedure was followed in all greenhouse 
experiments; at the conclusion of an eight week growing period 
the tops of the onion plants were cut at the soil surface and 
weighed immediately to the nearest gram. Soil to be used in 
bio-assay determinations was then removed from the cans to a 
depth not exceeding one inch since Linder (10) and others have 
shown that CIPC stays at, or near to, the soil surface. Next, 
the roots and bulbs were washed free of soil;- dried 24 hours 
at 105° C. and weighed to the nearest gram. The weights of 
the green tops and dried roots were each subjected to an 
analysis of variance. The tables in this section of the paper 
are yield summaries. The corresponding analysis of variance 
tables may be found in the appendix. 
Experiment I—Temperatures vs. CIPC Rates of Application 
The eight week growing period was terminated when the tops 
were harvested on March 26. Tables I and II summarize the yield 
data. 
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Table I 
All Temperatures- Mean Yields of Top and Root Growth as Related 
to Several Rates of GIPC Application from Experiment I. 
Pounds of CIPG 
per acre 
0 
8 
16 
32 
mean Weights 
of Green Tops 
34.41 grams 
32.41 " 
31.91 » 
32.66 « 
Mean Weights 
of Dry Roots 
4.29 grams 
3.92 « 
3.25 " 
3.42 » 
No Significant Differences 
Table II 
All CIPC Rates- Mean Yields of Tops and Root Growth as Related 
to Three Temperatures from Experiment I. 
Temperatures 
Degrees F. 
40° 
50° 
60° 
LSD .05 
.01 
Mean Weights 
of Green Tops 
10.10 grains 
39.80 » 
48.56 « 
2.88 « 
3.79 " 
Mean Weights 
of Dry Roots 
1.97 grams 
2.66 " 
6.53 n 
1.53 » 
2.05 " 
It is evident from an inspection of Table I that the CIPC 
had little or no effect on growth of either the onion tops or 
roots. It is equally evident from Table II that the soil 
temperature had a very definite effect on the growth of both 
the tops and roots. These conclusions are borne out by 
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Appendix Tables 1 and 2, which show no significance for either 
the rates of CIPC or the interaction between CIPC and the 
temperatures. They do, however, show a very high degree of 
significance (1$) for the temperature level effects. 
It is interesting to note that while there is a difference 
at the l/o level between any two temperatures when considering 
the tops, the same degree of significance is found only between 
the 50° and 60° treatments for the roots. One possible explan¬ 
ation of this is that onion roots begin growth and development 
before the tops at the temperatures that were under study. 
Figure 1 shows the difference in growth of the tops at six 
weeks. 
Figure 1. Onion Top Growth at Six Weeks as a Result of Three 
Temperature Levels. Left-Right 1+0° - 50° - 60° F. 
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Experiment II—Soil Moisture Levels vs. CIPC Rates of Application 
The onion tops were harvested, and records taken, on April 8. 
The data obtained is summarized in Tables III and IV. 
Table III 
All Water Levels- Mean Yields of Top and Root Growth as Related 
to Several Rates of CIPC Application from Experiment II. 
Pounds of CiPC 
per Acre 
0 
8 
16 
32 
Mean Weights 
of Green Tops 
33.93 grams 
37.73 " 
37.13 " 
35.60 11 
Mean Weights 
of Dry Roots 
7.37 grams 
8.83 n 
7.S3 “ 
6.50 « 
No Significant Differences 
Table IV 
All CIPC Rates- Mean Yields of Top and Root Growth as Related 
to Soil Moisture Levels from Experiment II. 
Soil Moisture 
Minimum Levels 
% of Field Capacity 
Mean Weights 
of Green Tops 
Mean Weights 
of Dry Roots 
25% 25*50 grams 4.9S grams 
50% 40.55 “ 8.73 " 
15% 42.05 " 9.60 “ 
LSD .05 
.01 
2.40 “ 
3.21 " 
1.37 " 
1.83 " 
-20- 
These data in Table III show that GIPC did not reduce growth 
of the onion plants, nor as shown in the complete analysis of 
variance Tables 3 and 4 in the Appendix did it interact with the 
soil moisture to reduce growth. Table IV shows that the per cent 
of moisture in the soil will definitely affect growth. From 
these data it appears that soil water is more readily available 
at higher levels than at low levels as reflected by the increased 
growth at the 50$ and 75$ minimum moisture levels as compared 
to the 25$ minimum moisture level. The wilting point of the soil 
was approximately 13$ on a dry weight basis. The effects of the 
minimum moisture levels is shown in Figure 2. 
Figure 2. Onion Top Growth at Six Weeks as a Result of Differing 
Minimum Soil Moisture Levels. Left-Right 25$, 50$, 75$ 
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IXperiment III—Soil Organic Matter Levels vo. Cl’PC 1 tat os of 
Application 
On April 15 the onion tops ware harvested and weighed. 
Dry root weights were not recorded because it was impossible 
to separate the peat in the soil mixturo from the roots of the 
onion plants. The data obtained from this experiment are 
summarized in Tables V and VI. 
Table V 
All Organic Matter Levels- Moan Yields of Top Growth as Related 
to Several Rates of CIPC Application from Lxperlmont III. 
Pounds of CIPC 
per Acre 
0 
8 
16 
32 
Mean Weights 
of Grocn Tops 
40.17 grams 
40.73 " 
41.37 " 
38.57 " 
No Significant Differences 
Table VI 
All CIPC Rates- Mean Yield of Top Growth as Related to Three 
Organic Matter Levels from Experiment III. 
Per Cent of 
Organic Matter 
Added to Soil 
Mean Weights 
of Green Tops 
0% 
25% 
50% 
43.10 grams 
41.80 » 
35.73 it 
.05 
.01 
II LSD 2.12 
4.90 ti 
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In this experiment the rates of CIPC application had no 
effect on the growth of the onions at any organic matter level. 
It was expected that the addition of organic matter to the 
soil would increase plant growth, but the opposite was true 
as shown by these data. In an attempt to reconcile the actual 
results with those which were expected, soil tests were made. 
F.esults of these tests are shown in Table VII. The growth of 
the tops at the different organic levels is shown pictorially 
in Figure 3* 
Figure 3- Onion Top Growth as delated to the Soil Organic 
i-atter Levels used in Experiment III. 
Left-Right 25% peat, 50% peat, 0$ peat 
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Table VII 
Results of Tests on Soils used in Experiment III 
Soil Mix pH Ca K P Mg MO3 nh4 O.M. Limestone #/A 
to pH 7.0 
All Soil 5*5 H H H H H H 2.0% 4,500 
75 soil/25 peat 4*8 M. H H M MH M 4.63/ 10,000 
50 soil/50 peat 4.4 M H MH M m MH 8.1/ 15,000 
Based on the results of the soil tests one answer was 
apparently obvious. Wilson (22) at Cornell reported that the 
optimum pH range for onion growth was from pH 6.0-7*0. While 
none of these soils approached this level, the 50-50 soil-peat 
mixture was just below Wilson's lower limit of growth (pH 4*5). 
Thus it would appear that the lower yields were related to the 
low pH of the soils and not to the organic matter content. 
It may be noted in Figure 4 (page 23a) that as the amount 
of peat added to the soil increased the pH decreased. It will 
also be noted that the curve representing the effect of pH 
on yields is much sharper than the corresponding curve which 
shows the effects of the added peat on the yields. 
Figure 5 (page 23b) however, shows that the drop in yield 
associated with the added organic matter is not as severe as that 
caused by either insufficient water or too low a temperature. 
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Experiment IV—Bio-assay Determinations 
At the end of the six week growing period for each bio¬ 
assay determination, the tops of the indicator oat plants were 
cut at the soil surface and weighed immediately to the nearest 
gram. Results of these bio-assay are shown in Table VIII. 
By comparing the higher yields of the indicator oat plants 
grown in the original soil with those grown in the freshly- 
prepared "standard11 it is readily apparent that, at the time 
the bio-assays were made, GIPC breakdown had occured in the 
original soil. 
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Table VIII 
Corrected Mean Top Weights in Grams of Bio-assay Indicator Plant 
Yields from Determinations of Experiment IV. 
A- Temperature Level Effects 
Soil Treatments 
in Pounds of 
CIPC per Acre 
Correction 40°F 
Factor 
50°F 60°F Standard 
0 1 14.00 10.75 12.75 15.67 
8 4 4.13 3.06 5.56 2.54 
16 8 1.66 1.72 1.56 1.03 
32 16 .54 .69 .91 .31 
B— Soil Moisture Effects 
75% Soil 50% Soil 25% Soil Standard 
Moisture Moisture Moisture 
0 1 26.25 25.00 27.00 27.33 
8 4 5.19 7.50 5.56 5.50 
16 8 3.59 2.84 3.44 2.25 
32 16 1.66 1.64 1.31 1.19 
C- Organic Matter Effects 
Correction 
Factor 
50% peat 50% peat 
standard 
25% peat 25% peat 
standard 
0% peat 0% peat 
standard 
0 1 19.50 17.50 21.50 16.50 18.00 18.75 
8 4 3.75 2.25 5.31 1.62 4.68 3.12 
16 8 2.28 1.13 2.62 .82 2.96 1.84 
32 16 1.06 .53 1.18 .40 1.10 .90 
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Assurning the growth of the oat plants in the "standards" 
to be the maximum possible at given rates of CIPC, then, when 
the increased growth of the oats in the originally treated plots 
was compared to the growth of the oats in the "standard" plots, 
it was apparent that the GIPG had been dissipated to some extent 
and the amount of active GIPG left in the soil was less than had 
been originally applied* In this bio-assay the oat plants grown 
in the originally treated soil grew about 1.75 to 1.9 times more 
than those in the "standard" soil. These findings agree closely 
with those of Linder (10) who reported a marked reduction in 
strength of GIPG after a period of approximately one month. 
Series B Field Experiments 
The same harvest procedure was followed for both Experiments 
V and VI. When the onion plants were mature they were pulled and 
allowed to cure in the field for one week. The tops were then 
clipped off and records taken of the total yield of the bulbs 
which were then graded into two classes (marketable and unmarket¬ 
able) and each class was weighed again. 
Ixperiment V—Pre-emergence Studies—Kabot Farm 
To eliminate fringe effects, one and one-half feet of each 
row was not harvested from each end of the plots; neither were 
the two outer rows included in the yield, thus only 30 feet of 
crop row was harvested per plot. The data from this experiment 
are shown in Tables IX and X. 
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Table IX 
Mean Yield of Onion Bulbs in Hatfield, Mass., as a Result of 
Pre-emergence CIPC Applications. Data from Experiment V. 
Pounds of CIPC 
per Acre 
Mean Yields of 
Onion Bulbs 
0 18.1 pounds 
4 17.5 tt 
8 17.0 n 
16 15.1 it 
32 13.3 tt 
64 
UA
 
•
 
to
 
tt 
LSD .05 
.01 
4.9 
NSD 
tt 
Table X 
Mean Marketable Yield of Onion Bulbs in Hatfield, Mass., 
Result of Pre-emergence Applications of CIPC. Data from 
Experiment V. 
Pounds of CIPC 
per Acre 
Mean Marketable 
of Onion Bulbs 
Yield 
0 15.1 pounds 
4 14.3 it 
8 13.6 rr 
16 11.6 n 
32 10.7 tt 
64 6.2 tt 
LSD .05 
.01 
5.6 
NSD 
it 
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Tables IX and X show that there are no significant differ¬ 
ences between the yields of the plots receiving 32 pounds of 
CIPC per acre and those receiving 64 pounds. There are no 
differences among the 0, 4, 8, 16* and 32 pounds per acre rates, 
/ 
however, there are real differences between each of the 0, 4, 8, 
and 16 pound rates when their yields are compared to those of 
the 64 pound rate. 
While CIPC had no significant effect on yield at 32 pounds 
per acre or less, some of these plots with lower rates appeared 
to be markedly affected during the growing season. While plants 
which received 0, 4> or 8 pounds of CIPC per acre were of a good 
green color and well grown, the plants in plots which received 
32 and 64 pounds of CIPC per acre were stunted and showed a pale 
green color. Plots which were sprayed with 16 pounds of CIPC per 
acre were intermediate in appearance. Figure 6 shows a plot 
which received the 64 pound per acre treatment between plots 
which received 0 pounds per acre (foreground), and 4 pounds per 
acre (background). 
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Figure 6. Effects of CIPC on Top Growth. A plot receiving 64 
pounds of CIPC per acre between plots receiving 0 and 4 pounds 
per acre. 
The effects of the several CIPC rates of application on 
the weed population are shown as Table XI. 
Table XI 
Results of CIPC Pre-emergence Sprays on Weed Populations in 
Hatfield, Mass. Data from Experiment V. 
Pounds of CiPC 
per Acre 
Wreeds per 
Square Foot 
0 16.3 
4 12.0 
8 • 6.7 
16 4.7 
32 4.3 
64 1.7 
LSD .05 
.01 
9.6 
11.9 
These data indicate that there -was no difference in weed 
control between the check and four pound per acre treatment of 
CIPC. Similarly there were no differences between the four and 
eight pound rates nor among the higher rates. The rates of CIPC 
above four pounds per acre gave significantly better weed control 
than the check plots. 
Experiment 71—Post-enerrence Studies—Kaoot Farr:. 
The onions from this experiment were harvested on July 9- 
They were sorted and graded, and weighed on July 16. The yield 
data from this experiment were obtained on 100 feet of crop row 
and are shown as Tables XII and XIII. 
Table XII 
The Effects of Several Post-emergence CIPC Sprays on Onion Yields 
in Hatfield, Hass. Data from Experiment VI. 
Pounds of C_rC 
per acre 
iean 
bulbs 
Yields of Onion 
before Grading 
0 41.0 pounds 
4 41.6 n 
6 42.3 u 
8 44.7 n 
12 *45.1 n 
24 45.5 n 
llo Significant differences 
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Table XIII 
The Effects of Several Post-emergence CIPC Sprays in Hatfield, 
Mass., on Marketable Onion Yields. Data from Experiment VI. 
Pounds of CIPC 
per Acre 
0 
4 
6 
8 
12 
24 
Kean Marketable Yields 
of Onion Bulbs 
30.7 pounds 
29.7 " 
31.0 » 
32.0 » 
32.5 ** 
34.2 « 
No Significant Differences 
While neither Table XII nor Table XIII show any significant 
difference in yields, a trend to increased yields as the CIPC 
rate increases may be noted in both tables. This tendency 
follows inversely the number of weeds per square foot in the 
plots. These weed counts are shown as Table XIV. 
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Table XIV 
The Effects of Several Post-emergence CIPC Application Rates on 
Weed Population per Square Foot. Data from Experiment VI. 
Pounds of CIPC Number of Weeds 
per Acre per Square Foot 
/ 
0 19.3 
4 14.7 
6 12.7 
8 7.0 
12 3.0 
24 3.3 
LSD .05 11.0 
.01 NSD 
Figure 7- The Effects of Post-emergence CIPC Sprays on Weed 
Populations in Hatfield, Mass., showing a plot which 
received 24 pounds per acre between plots which re¬ 
ceived 4 and 0 pounds of CIPC per Acre. 
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In this experiment, as in the previous one, the higher rates of 
CIPC applications were more effective against weeds than were the 
lower rates. Greater reduction of weeds at the higher rates resulted 
in less weed competition and probably was responsible for the larger 
yields. This supposition is in agreement with work reported by 
Thompson (19) in 1927 on the effects of weed competition. The lack 
of visible damage to the onion plants or to the yields agrees with 
work done by Perkins (14, 16) in New York who reported no damage to 
tops or to yields from rates of CIPC up to 20 pounds per acre. 
The data from Experiments V and VI displayed in Tables IX, X, 
XII and XIII, show the marketable yield to be less than the total- 
yields. The loss appeared to vary with the CIPC rates but this 
proved erroneous when the per cent of unmarketable onions was 
determined in each case and the results analyzed. These data are 
found in the Appendix as Tables 9 and 12. The complete analysis of 
i* 
variance tables are also shown in the Appendix as Tables 10 and 13. 
Experiment VII—Bio-assay Determinations on Soils from Kabot Farm 
Pre-emergence Trials 
The bio-assay determinations which were begun on April 30 and 
May 27 were harvested on June 11 and July 9 respectively. In both 
cases the tops were cut at the soil surface and weighed immediately 
to the nearest gram. The results of the bio-assay initiated April 30 
were so erratic that they are not recorded in Table XV. The results 
of the bio-assay started May 27 are shown but they should not be 
depended on as bio-assays with oats are not dependable at extremely 
high greenhouse temperatures. 
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Table XV 
Mean Weights of Green Tops from Bio-assay for GIPC Presence on 
Pre-emergence Plots in Hatfield, Mass. 
Pounds of CIPC 
per Acre 
Bio-assay Started 
May 27, 1957 
Standard Started 
May 27, 1957 
0 9.30 grams 12.30 grams 
4 4.BO 11 4.80 11 
8 1.50 « 1.50 « 
16 .96 “ .92 « 
32 
.31 “ .33 ” 
64 .34 ' " .18 » 
A comparison of these data indicate that the CIPC which 
had been applied to the soil April 4 was still present on 
May 27 when the bio-assay was started. These findings do not 
agree with bio-assays by Linder (10) nor do they agree with 
previous work done by the author. 
lixperiment VIII—Pre-emergence Trials on the University Farm 
The onions in the field plots in Amherst were harvested on 
August 1. All the bulbs from these plots were considered to be 
marketable and therefore the yields shown in Table XVI include 
both the total and marketable yields. The data were obtained 
from 45 feet of crop row. 
-35- 
Table XV1 
Effects of Several Rates of CIPC Application on the Yield of 
Golden Globe Onions in Amherst, Mass. Data from Experiment VIII. 
Pounds of CIPC 
per Acre 
Mean Yield of 
Onion Bulbs 
0 49*70 pounds 
4 52.88 »' 
6 55*70 " 
8 65*63 " 
• 
12 55*00 » 
16 53*18 » 
24 55*48 » 
32 53.33 " 
64 56.78 " 
No Significant Differences 
Although there are no significant differences in the yields 
indicated at the designated rates of CIPC application, the yield 
of the check plots is lower than from the treated plots. This is 
attributed to higher weed populations which offered more com¬ 
petition for the first six weeks of the growing season. These 
weed counts are displayed in Table XVII. 
-36- 
Table XVII 
Effects of Several Rates of CIPG Application on Weed Population 
in Amherst, Pass. Data from Experiment VIII. 
Pounds of CIPC Weeds per 4 
per Acre Square Feet 
0 21.5 
4 14.0 
6 10.0 
8 13.0 
12 5.3 
16 6.3 
24 4.0 
32 3.0 
64 1.8 
LSD .05 ; 5.8 
.01 7.8 
These data in Table XVII show that there were significantly 
more weeds in the check plots than in any of the other plots. 
Possible comparisons among the data with appropriate LSD values 
indicate no real reduction in the weed population above 12 pounds 
of GIPC per acre. 
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Series C 1958 Greenhouse Experiments 
The harvest procedure for this series of experiments was 
similar to the one followed in 1957. After eight weeks of 
growth the tops were cut at the soil surface and weighed 
immediately to the nearest gram. The top inch of soil was 
removed for CIPC bio-assay determinations. 
Experiment IX—Temperatures vs. GIPC Rates of Application 
The eight week growing period was terminated on January 27* 
195^. After the soil for the bio-assay had been removed the 
roots were washed free of soil and dried 24 hours at 105° C. 
and weighed to the nearest gram. The data obtained are 
summarized in Tables XVIII and XIX. 
Table XVIII 
All Temperature Levels- Mean Weights of Green Tops and Dry 
Roots as Related to Several Application Rates of CIPC from 
Experiment IX. 
Pounds of CIPC 
per Acre 
Mean Weights of 
Green Tops 
Mean Weights 
of Dry Roots 
0 45.11 grams 7.67 grams 
16 48.22 11 7.33 " 
32 44.44 " 7.00 » 
64 41.78 " 6.67 " 
128 42.22 « 8.33 " 
No Significant Differences 
Table XIX 
All GIPC Rates- Mean Weights of Green Tops and Dry Roots as 
Related to Three Temperature Levels from Experiment IX. 
Temperature 
Levels 
50° F 
60° F 
70° F 
Mean Weights of 
Green Tops 
39.73 grams 
44.93 “ 
48.40 « 
Mean Weights 
of Dry Roots 
2.33 grams 
2.40 " 
2.60 « 
LSD 
.05 4.53 u 
.01 6.11 » 
NSD 
NSD 
These data shown in Tables XVIII and XIX agree almost 
completely with data obtained in Experiment I in that GIPC 
had no effect on the growth of either the tops or the roots. 
In Experiment IX the temperature levels affected the growth 
of the tops only, while in Experiment I growth of both the 
tops and roots was affected. In both cases the lowest rate 
of growth was found with the lowest temperature level used. 
It should be emphasized that these differences are entirely 
associated with temperature and that no interaction of GIPC 
rates and temperature are present. This is evident in 
Appendix Tables 17 and 18. 
Experiment X—Soil Types, Soil Moisture, and Rates of GIPC 
Application 
This experiment was completed on January 31> 1958. In thi 
test it was not possible to separate the roots from the peat 
which had been added to the soils and therefore no records of 
root weights are reported in Tables XX, XXI, XXII and XIII. 
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Table XX 
All GIPC Rates and Soil Types- Mean Weights of Green Tops as 
Related to Three Water Levels from Experiment X, 
Water Added Mean Weights 
Weekly of Green Tops 
•42 inch 24.24 grams 
•84 inch 41.73 " 
1.68 inches 4S.02 " 
LSD .05 2.47 " 
.01 3.28 « 
Table XXI 
All CIPG Rates and Water Levels- Mean Weights of Green Tops 
as Related to Five Soil Types from Experiment X. 
Soil Type Kean Weights of 
Green Tops 
1) Hadley very fine sandy loam 31.37 grams 
2) Hadley plus k% peat 31.97 " 
3) Hadley plus CaCOH)^ 32.84 M 
k) Hadley plus Ca(OH)^ plus k% peat 36.13 " 
5) Scarborough very fine sandy loam 57.70 " 
LSD 
.05 3.22 » 
.01 4.30 " 
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Table XXII 
Two Way Table Showing the Interaction of Water Levels and Soil 
Types in Experiment X, 
Water Levels 
1 
Soil Number 
2 3 4 5 
Total 
.42 inch/wk. 330 314 334 336 504 1818 
.84 inch/wk. 528 552 572 620 858 3130 
1.68 inches/wk. 554 570 572 670 1236 3602 
Total 1412 1436 1478 1626 2598 8850 
Table XXIII 
All Water Levels and Soil Types- I-iean Weights of Green Tops as 
Related to Five CIPC Rates of Application from Experiment X. 
Pounds of CIPC 
per Acre 
0 
16 
32 
64 
128 
Mean Weights 
of Green Tops 
36.89 grams 
38.67 " 
38.89 » 
38.81 11 
37.47 " 
No Significant Differences 
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It vri.ll be noted in the previous four tables that the only- 
factors in this experiment which exerted an influence on growth 
were the soil moisture and the soil type. Rates of CIPC 
application had no affect on growth. Again there were no 
interactions of these factors and CIPC as shown by Appendix 
Table 19. There were, however, interactions between soil types 
and soil moisture. 
As might have been expected, the onions in those cans 
receiving the most water grew significantly better than those 
receiving the lower levels and those plants receiving the least 
amount of added water did poorest. 
From Table XXI it is evident that soil number five was the 
best of those under test. From the data of Table XXI it appears 
that it was of little value to change either the pH or the 
organic matter content alone. A change in both was required 
before increased growth was obtained. 
When the soil was being removed for use in bio-assay 
determinations, samples were also removed to be tested for 
pH, mineral nutrient content, and organic matter content. The 
results of those soil tests are shown as Table XXIV. 
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Table XXIV 
Results of the Soil Tests on Soils Used in iixperiment X. 
Soil Number pH Ca K P Mg no3 NH4 Limestone 
if/Acre to 
pH 7.0 
O.k. 
1 5.9 M H H H L L 4,000 1-9356 
2 5.8 M H H H L L 5,000 2.95$ 
3 7.2 H H H H L L -— 1.99$ 
4 7.1 H H H H H L — 2.93$ 
5 5.7 H H H K H L 8,000 5.56$ 
None of these soils had a pH within the optimum range of 
Wilson (22) but they are all within the range of satisfactory 
growth. They are all approximately equal in their supply of 
the nutrient elements so it appears that the difference in 
yields was due to the higher organic matter contents and that 
raising the organic matter contents of soil type four led to 
increased growth. 
When the soil was removed from the cans for use in bio¬ 
assay determinations the tilth of the different soil types 
varied. Soil types 1, 2, and 3 were hard and compacted. Soil 
4 was fairly loose and friable while soil 5 was very loose and 
easily removed. Further expansion of this condition will be 
discussed in Section VII. 
Figure 8 (page 42a) which is a graphic representation of 
the results obtained in Experiments IX and X shows that the 
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response curves for GIPC are almost flat while those for water 
levels and temperatures show a definite increase as the temper¬ 
ature or water level is increased. The curve of the yield data 
as related to soil types indicates a large increase as the soils 
improve from a compacted condition to that of good tilth. 
Experiment XI—Bio-assay Determinations 
The oats from the bio-assay determinations for residual 
GIPC in the soils of Experiment IX were harvested March 31; 
those of soils used in Experiment X were harvested April 4. 
Fresh weight yields from the treated plots were compared to 
those from the untreated check plots. 
The fresh weight yields were determined to the nearest 
gram. No significant differences in fresh weights were found. 
This indicated that GIPC had dissipated to the extent that 
growth was no longer affected. This would indicate that less 
than two pounds of GIPC was left in the soil. The analysis 
of variance for these data are found in the Appendix as 
Tables 20 and 21. 
VII DISCUSSION 
In 1954 several Connecticut Valley onion growers reported 
some severe damage to onion plants in their fields which they 
attributed to the use of GIPC. 
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A hypothesis was formulated that the damage reported was 
probably caused by an interplay, possibly of a theshold nature, 
of a combination of environmental factors. To test this hypo¬ 
thesis, studies were outlined to observe the effects of CIPG 
on onion growth under the varying environmental factors of soil 
moisture, organic matter, and temperature: and to determine the 
minimum rate of application required for CIPG to become toxic 
to onion plants as determined by chlorosis stunting and reduced 
yields. 
Greenhouse experiments, testing these factors separately 
and in combination, were conducted during the winters of 1957 
and 195B. In these tests no separate factor or combination of 
factors led to damage from any rate of CIPG used. 
CIPG at rates of 32 and 64 pounds per acre caused stunting 
and reduced yields when used as pre-emergence sprays on field 
plots in Hatfield, Massachusetts. Tests with similar rates of 
this chemical caused no damage or yield reductions on field 
plots in Amherst, Massachusetts. 
Except for the damage reported in Experiment V, no damage 
similar to that reported by some onion farmers in 1954 was 
obtained under the controlled experiments reported here. 
The damage reported in 1954 was spotty throughout the area 
i 
and also did not occur uniformly in any field; neither did it 
occur in all fields that had been sprayed with the chemical. 
A survey of onion fields in Hadley and Hatfield by Lachman (8) 
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indicated that damage from GiPG was associated with low lying 
spots in fields. 
The soil in the field owned by Joseph Kabot of Hatfield, 
where such typical damage occured, received intensive study 
during the progress of these experiments. 
Among the several peculiar factors encountered were a low 
pH (5.5-5-9), a very low organic matter content (1-2%), and a 
low calcium level. These factors have resulted in very poor 
tilth of this soil and it becomes puddled and compacted easily 
during the course of ordinary crop tillage. 
The first two to two and one-half months of the 1954 growing 
season were excessively wet. Four to five inches of rainfall 
occured during both iiarch and April as compared to the normal 
three to four inches in these months. 
The previous winter had been mild with a snow cover of 
less than one-half of normal. Most of this snow was gone by 
the second week of March. Because of the early spring in 1954* 
onion growers began planting their crops several days earlier 
than usual. Most of the planting had been completed before the 
last of March and the CIPC was applied a day or two later. 
On April 17, 1.98 inches of rain fell within 24 hours. 
On a soil high in organic matter, which is loose and friable, 
most of this water wou^d have soaked in. As stated previously, 
the soil on the Kabot farm is low in organic matter and puddles 
when wet. 
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Sinco the spring was unusually wet, this soil was already 
puddled. When the sudden, he."vy rainfall occured, it moved 
laterally into depressions in the field instead of soaking into 
the soil. 
That year Hr. Kabot used about 2,000 pounds of a 7-7-7 
fertilizer per acre. A soil low in organic matter and clay 
content, such as Mr. Kabot's, does not readily absorb added 
fertilizer. Thus when the excessive rain occured on the puddled 
and compacted soil both the added fertilizer and CIPC might have 
been washed into low places in the field. This could mean 
unusually high concentrations of both weed killer and fertilizer 
in restricted low areas here and there all over the field. It 
is extremely doubtful, however, if lateral surface movement of 
soluble salts from a standard application of fertilizer was 
sufficient to cause the damage experienced in 1954 by certain 
isolated farmers because the fertilizer had been thoroughly 
disced into the soil and was not on the surface to wash. 
Particularly noteworthywas the fact that damage occured 
only on some of the farms where CIPC had been used. No such 
damage, however, was reported on farms where CIPC had not been 
used. CIPC injury characteristically affects the whole leaf 
and is not typical of the "tipbum" which is symptomatic of 
fertilizer injury. This would also appear to rule out the 
possibility that the injury was related to soluble salts from 
the fertilizer. 
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Accordingly, concentrations of CIPC from 4 to 128 pounds 
per acre were used in experiments during the course of this 
study. No damage to onions occured in the greenhouse experiments 
of either 1957 or 1958 from any of the rates used. The soil 
used in these greenhouse tests was taken from the field of 
Mr. Kabot where damage had occured in 1954• 
It is extremely difficult to duplicate field conditions in 
a greenhouse. Temperatures are relatively constant there, as 
are water levels and relative humidities, compared to the extreme 
fluctuations that may occur out of doors. While these may be 
advantageous for certain types of experiments, they make it 
nearly impossible to duplicate natural field conditions. If the 
damage which occured in the onion fields were the result of the 
interactions of combinations of environmental factors, and had 
a threshold nature, then attempts to duplicate the damage in 
the greenhouse would have little chance of success because of 
the inability of the experimenter to cause fluctuations in 
temperatures or relative humidities, or other environmental 
factors such as are found in nature. In the greenhouse, at 
least, the combination of circumstances necessary to achieve 
damage from CIPC were never found during the course of these 
investigations. 
When results from the greenhouse experiments gave little 
hope to the solution of the problem, some field experiments 
were used in further tests. In experiments conducted during 
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the summer of 1957, on the Kabot farm in Hatfield, damage to 
the tops of onions was observed at application rates of CIPC 
of 16 to 32 pounds per acre. This damage was in the form of 
plant chlorosis and dwarfing. A significant reduction in yield 
occured on plots treated with 64 pounds of CIPC per acre. On 
all the plots noted here the damage was characteristic of the 
damage that occured in 1954. Damage to the tops was not 
observed, and yields were not affected, in similar tests con¬ 
ducted on a fertile soil with higher organic matter reserves and 
a higher pH on the University farm in Amherst. On these plots 
at the University the soil has adequate supplies of organic 
matter and is friable; lateral washing is at a minimum and 
adsorption and absorption potential are at a maximum. Here, 
over a period of years, in many experiments, characteristic 
CIPC injury has never been experienced. 
A survey of many onion growers in the Connecticut Valley 
by Lachman (8) revealed that some of them had regularly used 
CIPC as an herbicide. It was ascertained that while some of 
them had experienced damage, others never had experienced this 
damage. He reported that a corollary soil test had indicated 
that damage occured more often on soils where the organic 
matter content was low, and compaction, puddling and washing 
was more likely to occur. 
On soils of poor tilth, already puddled and compacted by 
early spring rains, a sudden, heavy rainfall often causes 
washing and accompanying lateral movement and ultimate increased 
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concentration of chemicals in restricted low areas. This is 
the hypothesis suggested to account for the damage resulting 
from CIPC surface applications, since Weaver and Brunner (21) 
reported that onion roots in a compacted soil do not grow down¬ 
wards in characteristic fashion but mostly outwards, in the 
surface two inches of soil. 
Observations in plots on the Kabot farm in May of 1958 
again indicated extreme soil compaction. At the time of this 
writing. May 7} 1958, pre-emergence applications of CIPC of 
32 to 128 pounds per acre had resulted in considerable chlorosis 
and stunting to the onion crop. A close inspection revealed 
that the roots had grown to about four inches in length, and 
many of the distal ends of these roots were found more or less 
confined to the surface three-eighths inch of soil in close 
Pi.. 
proximity to where the CIPC had been deposited. 
By close inspection it was found that the onion roots in 
the greenhouse tests grew down to the bottom of the cans. It 
is clear that the soil here was not subject to the many cultural 
practices of outdoor crop tillage that promote compaction. 
Probably the roots of the onions in plots on the University 
farm grew downwards as well. Weaver and Brunner (21) have noted 
that soils in good physical condition promote deeper and more 
widely spread rooting of onions, thus the roots probably were 
not in contact with the CIPC applied. This hypothesis would 
account for the failure to obtain damage in any experiment 
except those on the Kabot Farm. 
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VIII CONCLUSIONS 
The results of the experiments reported here indicate that 
chlorosis and stunting of onion growth may result on certain 
compacted soils from pre-emergence applications of about 16 
pounds of CIPC per acre. They also indicate that on these soils, 
32-64 pounds of CIPC per acre my cause damage to onion foliage 
and reduce significantly the yield of bulbs. When these rates 
of the chemical were applied in the greenhouse to soils that 
were ordinarily susceptible to CIPC injury, no damage resulted. 
This probably resulted because of the inability to duplicate 
out-of-door conditions completely. In many experiments on the 
well flocculated soil of the University farm no apparent injury 
occured from heavy applications of CIPC. 
\ 
Results of these tests indicate that under normal conditions 
on soils with good structure, CIPC may be safely used at rates 
up to 12 pounds per acre. On soils of good tilth, with an 
optimum pH and adequate supply of organic matter, the possibility 
of CIPC injury to onions is at a minimum. On soils with poor 
physical condition, however, when certain abnormal conditions 
occur, such as an excess of rainfall, high concentrations of 
CIPC my be expected to cause damage to the onions. 
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XI APPENDIX 
Table 1- Analysis of Variance for Green Weight of Onion Tops 
from Experiment 1. 
Source D/F ss MS F 
Replications 3 15 5 — 
Temperatures 2 12,943 6,471.5 376.68#* 
CIPC Rates 3 43 14.3 — 
Interaction 6 60 10 — 
Error 33 567 17.18 
Total 47 13,628 
denotes significance at the 1% level. 
Table 2- Analysis of Variance for Dry Root and Bulb Weights 
from Experiment 1. 
Source D/F SS MS F 
Replications 3 1.8 .6 — 
Temperatures 2 193.62 96.81 86.44** 
CIPC Rates 3 8.14 2.71 
Interaction 6 5.88 .98 — 
Error 33 37.01 1.12 
Total 47 246.45 
•**■ denotes si .gnificance at the 1% level. 
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Table 3- Analysis of Variance for Green Top Weights from 
Experiment #3* 
SOURCE D/F SS MS F 
Replications 4 29 7.25 — 
Water Levels 2 3,351 1,675.5 118** 
CIPC Rates 3 135 45 
Interaction 6 54 9 — 
Error 44 627 14.2 
Total 59 4,196 
denotes signi .ficance at the l/o level. 
Table 4- Analysis of Variance for the Dry Root and Bulb 
Weights from Experiment #2. 
SOURCE D/F SS MS F 
Replications 4 19.27 4.82 
Water Levels 2 241.46 120.73 26.02** 
CIPC Rates 3 27.60 9.2 
Interaction 6 11.27 1.88 — 
Error 44 204.13 4.64 
Total 59 503.73 
** denotes : significance at the 1$ level. 
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Table 5- Analysis of Variance for the Green Weights of the 
Tops from libcperiment #3. 
SOURCE D/F SS MS F 
Replications 4 63.88 15.97 
O.K. Levels 2 619.91 309.96 26.58-'-'- 
CIPC Rates 3 64.72 21.57 
Interaction 6 211.52 35.25 
Error 44 513.12 11.66 
Total 59 1,473.15 
** denotes significance at the l/£ level. 
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Table 6- Mean Uncorrected Weights in Grains of the Green Tops 
from Experiment #4. 
A- Temperatures 
Soil Treatments 40° F 50° F 
O
 
O
 
V
O
 Standard 
in Pounds of 
CIPC per Acre 
0 14.00 10.75 12.75 15.67 
8 16.52 12.24 22.24 10.16 
16 13.28 13.76 12.48 8.24 
32 8.64 11.04 14.56 4.96 
B~ Soil Moisture Levels 
75% 50% 25^ Standard 
Minimum Minimum Minimum 
0 26.25 25.00 27.00 27.33 
8 20.76 30.00 22.24 22.00 
16 28.72 22.72 27.52 18.00 
32 26.56 26.24 20.96 19.04 
C- Soil Organic Matter Levels 
50%' 50? 25% 25$ 0% 0% 
peat standard peat standard peat standard 
0 19.50 17.5C ) 21.50 1 16.50 ' 18.00 18.75 
8 15.00 9.0C ) 21.24 6.48 18.72 12.48 
16 18.24 9.04 20.96 6.56 23.78 14.72 
32 16.96 8.48 18.88 7.36 17.60 13.50 
Table 7- Analysis of Variance for the Mean Total Yield of 
Experiment #5* 
SOURCE D/F SS MS F 
Replication 2 21.35 10.68 
CIPC Rates 5 193.50 38.70 5.26* 
Error 10 73.62 7.36 
Total 17 288.47 
* denotes significance at the 5% level. 
Table 8- Analysis of Variance for 
of Experiment #5. 
the Mean Marketable Yield 
SOURCE D/F SS MS F 
Replications 2 15.4 7.7 — 
CIPC Rates 5 157.35 31.47 3.3* 
Error 10 94167 9.48 
Total 17 267.62 
* denotes significance at the 5% level. 
Table 9- Analysi 
Weight 
s of Variance for the Per Cent that the Cull 
is of the Total Weight. 
SOURCE D/F SS MS F 
Replications 2 7.67 3.83 — 
CIPC Rates 5 100.55 20.11 — 
Error 10 336.10 33.61 
Total 17 444.32 
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Table 10- Per Cent that the Cull Weight is of the Total Weight 
in Experiment #5* 
Pounds of CIPC 
per Acre 
Mean Per Cent 
Culls of Total 
0 16.1 
4 19.0 
8 20.1 
16 23.4 
32 19.6 
64 26.9 
No Significant Differences 
Table 11- Analysis of Variance for the Mean Total Yield of 
Experiment #6. 
SOURCE D/F SS MS F 
Replications 2 7.70 3.85 — 
CIPC Rates 5 57.63 11.53 — 
Error 10 146.79 14.68 - 
Total 17 212.12 
Table 12- Analysis of Variance for 
of Experiment #6. 
the Mean Marketable 
SOURCE D/F SS MS F 
Replications 2 36.15 18.08 
CIPC Rates 5 37.28 7.46 — 
Error 10 109.80 10.98 
Total 17 183.23 
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Table 13- Analysis of Variance for the Per Cent that the Cull 
Weight is of the Total Weight in Experiment #6. 
SOURCE D/F S3 MS F 
Replication 2 51.92 25.96 
CIPC Rates 5 36.06 7.21 — 
Error ' 10 77.62 7.76 
Total 17 165.60 
Table 14- Per Cent that the Cull Weight is of the Total Weight 
in Experiment #6. 
Pounds of CIPC 
per Acre 
Mean Per Cent 
Culls of Total 
0 25.3 
J 
4 28.6 
6 31.5 
8 28.6 
12 27.7 
24 24.6 
No Significant Differences 
Table 15- Mean Uncorrected Yields of the Green Tops of the 
Indicator Oat Plants in Experiment #7* 
Pounds of CIPC 
per Acre 
April 30 
No. 1 
Standard for 
No. 1 
May 27 
No. 2 
Standard for 
No. 2 
0 20.00 12.33 9.30 12.30 
4 7.67 7.00 9.60 9.60 
8 14.33 18.67 6.00 6.00 
16 29.67 12.00 7.33 7.67 
32 24.00 9.33 5.33 5.00 
64 14.67 9.33 6.00 11.00 
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Table 16- Analysis of Variance for the Weight of the Marketable 
Bulbs in Experiment #8. 
SOURCE D/F S3 MS F 
Replications 3 15.19 5.06 — 
CIPC Rates 8 147.98 18.49 1.14 NS 
Error 24 387.44 16.14 
Total- 35 550.61 
t 
Table 17- Analysis of Variance for the Mean Weights of the 
Green Tops of Experiment #9. Completely Randomized 
Design. 
SOURCE D/F ss MS F 
Temperatures 2 570.95 285-45 7.7** 
CIPC Rates 4 240.54 60.135 
Interaction 8 1,230.83 153-853 4.15** 
Error 30 1,112.00 37-066 
Total 44 3,154.32 
denotes significance at the 1% level. 
Table 18- Analysis of Variance for the Dry Root 
Weights of Experiment #9. Completely 
Design. 
and Bulb 
Randomized 
SOURCE D/F S3 MS F 
Treatments 14 7.78 .555 — 
Error 30 25.33 .844 
Total 44 33.11 
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Table 19- Analysis of Variance for the Mean Weights of the 
Green Tops of Experiment #10. 
SOURCE D/F SS MS F 
Replications 2 933.23 466.62 
A- Water Levels 2 22,785.7 11,392.85 197.69** 
B- CIPC Rates 4 152.7 38.18 — 
C- Soil Types 4 22,517.87 5,629.47 97.68** 
AB Interaction 8 88.0 11.0 — 
AC Interaction 8 6,649.5 831.19 14.42** 
BC Interaction 16 343.65 21.48 — 
ABC Interaction 32 1,127.91 35.25 — 
Error 148 8,528.44 57.63 
Total 224 63,128.00 
** denotes significance at the 1% level. 
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Table 21- Analysis of Variance. Fresh Weights of Indicator 
Oat Plants in Bio-assay Determination of Residual 
CIPC in Experiment IX. 
SOURCE D/F SS MS F 
Treatments 14 54 3.857 — 
Error 30 124 4.133 
Total 44 178 
Table 22- Analysis of Variance. Fresh Weights of Indicator 
Oat Plants in Bio-assay Determination of Residual 
CIPC in Experiment X. 
SOURCE D/F SS MS F 
Replication 2 71 35.5 — 
Treatments 74 254 3.43 — 
Error 148 404 2.73 
Total 224 729 
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